This study aimed to define the use of product-service system (PSS) associated with laundry businesses, such as coin-operated self-service laundromats (CL) and laundry services (LS), in order to get a better understanding of the environmental implications of PSS in laundry habits in Bangkok, Thailand. The motivation to use PSS could vary according to the specific consumer needs often defined by cultures, and therefore the environmental impacts from the PSS use would result differently from country to country. Questionnaires and in-depth interviews were conducted with Bangkok residents to determine the laundry habits related to the use of PSS. As a result, the use of private washing machines (PW) was found to be the main option, and CL and LS were used as an additional option in the laundry habits. The most widely observed use pattern in Bangkok was the use of CL as an alternative to PW instead of buying a new machine for a new life in dormitories or other residences away from home. At that time, hand washing (HW) was also used for saving money and for the cleanliness. Regarding the environmental potential, the relationship between the PSS users and laundry habits was specifically analyzed. The group who uses PSS frequently tended to do laundry less often than those who only use PW. Meanwhile, the need for even more services is also expected to increase among the PSS users. The need to improve the quality of laundry is expected to increase with the improvement of quality of living in Bangkok in the near future. However, at the same time, these observations imply that a change of consumer behaviors related to the use of PSS determines the resulting energy consumption and environmental burdens. To further clarify sustainable consumption and production systems, a quantitative analysis of the environmental impact of the laundry habits remains as a future task.
Introduction
In the past, laundry has been a considerable burden on households in terms of time and effort. Nowadays, machines, rather than human power, do some tasks, such as washing, rinsing, spin-drying, and drying by consuming water, electricity, laundry detergent, and fabric softener, and process time as resources [1, 2] . Following the mechanization of laundry work, various types of laundry-related businesses offering services and the utilization of product functions were introduced as an alternative to doing laundry at home [3] . This represents a shift in consumption patterns from ownership to service-based consumption to meet the needs of consumers and it is often referred to as a product-service system (PSS, acronyms used in this study arranged in Table A1 ). It has been suggested that PSS could reduce the number of machines for production and sale by sharing machines among consumers [4] . This suggests that the use of PSS can reduce the amount of resources and energy use in the shared community. In addition, it is also possible to increase energy efficiency through the use of advanced 3. Methods
Residents Survey in Bangkok: Questionnaires and In-Depth Interviews
To investigate the current status of PSS use in the laundry habits in Bangkok, a face-to-face questionnaire survey and in-depth interviews were carried out between the 22nd and the 24th of October 2018 on approximately 200 Bangkok residents (over 18 years old) who do their own laundry. Figure 1 shows the survey areas in Bangkok and the surrounding area. The survey was an intercept survey; it was performed in the specific places where the PSS users can be contacted, that is, dormitories for students and office workers, or near CL or LS, as well as in public places such as shopping malls, bus stations, marketplaces, and public squares. Here, a dormitory is defined as a type of shared house in which college students or company workers live together. The dormitory is generally composed of two spaces: a private space for a bed and relaxing and a public space for cooking, washing, or recreation, which is shared with others.
Methods

Residents Survey in Bangkok: Questionnaires and In-Depth Interviews
The survey was divided into two parts: questionnaire and in-depth interview, as summarized in Table 1 . First, we received around 200 responses to the questionnaire, which took roughly five minutes to complete and included questions regarding demographic information, how they wash their clothes, and how they use PW, CL, and LS. Secondly, in-depth interviews were performed with 74 individual respondents who were willing to participate after completing the questionnaire. During the in-depth interviews, the respondents provided detailed answers to the questionnaire such as the reason for the use of PW, CL, and LS. To appropriately communicate and record responses, the team of interviewers basically consisted of three members; one (Thai) was the role of communicating with interviewees, another (Thai) was the role of interpreting while listening to the content of conversation between interviewer and interviewees, and the other wrote down from the dictation in order to put on the record. The survey was divided into two parts: questionnaire and in-depth interview, as summarized in Table 1 . First, we received around 200 responses to the questionnaire, which took roughly five minutes to complete and included questions regarding demographic information, how they wash their clothes, and how they use PW, CL, and LS. Secondly, in-depth interviews were performed with 74 individual respondents who were willing to participate after completing the questionnaire. During the in-depth interviews, the respondents provided detailed answers to the questionnaire such as the reason for the use of PW, CL, and LS. To appropriately communicate and record responses, the team of interviewers basically consisted of three members; one (Thai) was the role of communicating with interviewees, another (Thai) was the role of interpreting while listening to the content of conversation between interviewer and interviewees, and the other wrote down from the dictation in order to put on the record. Use of CL and LS (Intended use for CL and LS, Feelings and opinions about CL and LS) Use of CL and LS (Frequency, cost, reason for using, additional service) 1 To obtain significant results, an effective sample excluding meaningless sample, in which "prefer not to answer (PNTA)" was chosen for all questions, was obtained from the total number of collected responses, and used for analyzing the data. The numbers in parentheses indicate the total number of respondents collected during the survey.
Grouping the Respondents
To determine laundry habits, respondents were divided into three groups based on their answers to the questions related to the current usage of PW, CL, and LS. Figure 2 presents the classification of the residents into three groups: PW-only, multi, and PSS-only. 
Assessing the Role of Private Washers, Coin-Operated Laundromats, and Laundry Services
Based on the 69 valid responses from the in-depth interviews, the role of PW, CL, and LS was assessed by measuring the range of intended use and frequency of use, as shown in Table A2 . Here, intended use was defined as the type of clothing and fabrics for laundry. Intended use can be Sustainability 2019, 11, 4486 5 of 17 categorized into four main types of clothing and fabrics: all types, underwear and socks, formal clothes, and large-size laundry. Formal clothes included clothes that need to be ironed regularly such as school uniforms and shirts, and large-size laundry comprised clothes or fabrics that cannot be washed by hand such as blankets, curtains, sweaters, or jeans. Frequency of use was measured using a six-point Likert scale that ranged from "always", "usually", "often", "occasionally", "seldom", to "never". In addition, the reason for the choice of each laundry method was also organized according to the similar responses.
Results
Questionnaire Survey Results: Laundry Habits by Group
There are two main types of CL and LS that are widely used in Bangkok. The two types of CL are CL-outside and CL-inside. In the former type, vertical-axis (v-axis or top-load type) washers are similar to PW and are installed next to a building or on the street, which is typical in Bangkok. In the latter type, horizontal-axis (h-axis or front-load type) washers are installed inside a building, which is becoming popular in Bangkok. Tumble-dryers are also installed and are available to meet the requirement of CL users, unlike CL-outside, in which machines with additional drying functions such as washer-dryers or tumble-dryers are rarely seen. LS is a commercial laundry service that provides three services: water-based-washing, drying, and folding. For an additional fee, LS users also can receive additional services, such as ironing and delivery. According to LS operations managers, natural drying is preferred over machine-based drying due to the amount of sunlight in Bangkok. Here, LS is mainly referring to the regular laundering service. The way of washing and drying is quite different with the dry-cleaning service, which is another type of LS. Dry-cleaning service-related businesses are relatively minor compared to the regular laundering service-related business in Bangkok. Therefore, dry-cleaning service is excluded from the boundary of LS.
As shown in Figure 3 , PW-only, multi, and PSS-only accounted for 34.9 percent, 36.4 percent, and 28.7 percent, respectively. In particular, the ownership rate of PW was approximately 80.2 percent. In addition, regardless of CL and LS, PSS constituted almost 65.1 percent of the total, in which the ratio of CL use and LS was 54.2 percent and 26.0 percent, respectively. It should be noted that the respondents were allowed to give multiple responses. Based on the 69 valid responses from the in-depth interviews, the role of PW, CL, and LS was assessed by measuring the range of intended use and frequency of use, as shown in Table A2 . Here, intended use was defined as the type of clothing and fabrics for laundry. Intended use can be categorized into four main types of clothing and fabrics: all types, underwear and socks, formal clothes, and large-size laundry. Formal clothes included clothes that need to be ironed regularly such as school uniforms and shirts, and large-size laundry comprised clothes or fabrics that cannot be washed by hand such as blankets, curtains, sweaters, or jeans. Frequency of use was measured using a six-point Likert scale that ranged from "always", "usually", "often", "occasionally", "seldom", to "never". In addition, the reason for the choice of each laundry method was also organized according to the similar responses.
Results
Questionnaire Survey Results: Laundry Habits by Group
There are two main types of CL and LS that are widely used in Bangkok. The two types of CL are CL-outside and CL-inside. In the former type, vertical-axis (v-axis or top-load type) washers are similar to PW and are installed next to a building or on the street, which is typical in Bangkok. In the latter type, horizontal-axis (h-axis or front-load type) washers are installed inside a building, which is becoming popular in Bangkok. Tumble-dryers are also installed and are available to meet the requirement of CL users, unlike CL-outside, in which machines with additional drying functions such as washer-dryers or tumble-dryers are rarely seen. LS is a commercial laundry service that provides three services: water-based-washing, drying, and folding. For an additional fee, LS users also can receive additional services, such as ironing and delivery. According to LS operations managers, natural drying is preferred over machine-based drying due to the amount of sunlight in Bangkok. Here, LS is mainly referring to the regular laundering service. The way of washing and drying is quite different with the dry-cleaning service, which is another type of LS. Dry-cleaning servicerelated businesses are relatively minor compared to the regular laundering service-related business in Bangkok. Therefore, dry-cleaning service is excluded from the boundary of LS.
As shown in Figure 3 , PW-only, multi, and PSS-only accounted for 34.9 percent, 36.4 percent, and 28.7 percent, respectively. In particular, the ownership rate of PW was approximately 80.2 percent. In addition, regardless of CL and LS, PSS constituted almost 65.1 percent of the total, in which the ratio of CL use and LS was 54.2 percent and 26.0 percent, respectively. It should be noted that the respondents were allowed to give multiple responses. Figure 4 shows the yearly number of laundry cycles per respondent in each group. The number combines the use of PW, CL, and LS. The annual number of laundry cycles per respondent was roughly 189 cycles/year, in which the ratio of each method was 62.9 percent, 25.7 percent, and 11.4 percent, respectively. This frequency is similar to the figures for Western and Eastern Europe of 165-173 cycles/year [2] . In terms of the differences by groups, the multi group had 250 cycles/year, followed by the PW-only group with 183 cycles/year, and the PSS-only group with 120 cycles/year. Figure 4 shows the yearly number of laundry cycles per respondent in each group. The number combines the use of PW, CL, and LS. The annual number of laundry cycles per respondent was roughly 189 cycles/year, in which the ratio of each method was 62.9 percent, 25.7 percent, and 11.4 percent, respectively. This frequency is similar to the figures for Western and Eastern Europe of 165-173 cycles/year [2] . In terms of the differences by groups, the multi group had 250 cycles/year, followed by the PW-only group with 183 cycles/year, and the PSS-only group with 120 cycles/year. The percentage of CL and LS use in the multi group accounted for 25.2 percent and 14.0 percent, respectively, while PSS-only group showed 74.5 percent and 25.5 percent, respectively. The percentage of CL and LS use in the multi group accounted for 25.2 percent and 14.0 percent, respectively, while PSS-only group showed 74.5 percent and 25.5 percent, respectively. Regarding the laundry done by hand washing (HW), the ratio of users who pre-wash their laundry by hand and the type of clothing and fabrics washed by hand are shown in Figure 5 . Around 31.4 percent of the respondents do their laundry by hand before using a machine ( Figure 5a ). Even though the differences among the three groups were not statistically significant 4.280, 6, 0.639 , the multi group represented 18.6 percent, the PW-only group represented 14.3 percent, and the PSS-only group represented 13.0 percent. For the type of clothing and fabrics laundered by HW, 34.5 percent of respondents indicated that they wash their underwear themselves. As shown in Figure 5b , the ratio of respondents who wash socks, shoes, shirts, skirts, and pants by hand was 19.6 percent, 17.6 percent, 15.5 percent, and 8.8 percent, respectively. Although the differences among the groups were not statistically significant 8.074, 12, 0.779 , respondents who belong to the PSS-only group and the multi group tend to extend the type of clothes for washing by hand to shirts, skirts, and pants, not only underwear and socks. The reasons why Thai respondents wash by hand before doing laundry were found from the in-depth interviews. During the interview, they frequently mentioned the quality of the finished laundry related to cleanliness and well-finished laundry, as shown in the Table A2 . They pre-wash by hand in order to ensure the quality of the laundry in addition to the use of washers in Bangkok. Figure 6 shows the responses drying clothing and fabrics. Approximately 89 percent of the respondents indicated that they usually dry their clothing and fabrics naturally whenever possible ( Figure 6a ). Among them, the ratio of drying outside and inside was 81.4 percent and 8.1 percent, respectively. On the contrary, only around 11 percent of respondents use a tumble-dryer to dry laundry. The differences among the proportion of drying methods by group was not statistically significant 4.545, 6, 0.603 . The percentage of drying using a tumble-dryer increased in proportion to the increasing the ratio of PSS use from PW-only to PSS-only; tumble-dryer use in each group was 7.0 percent, 12.3 percent, and 22.2 percent, respectively. Meanwhile, the ratio of Regarding the laundry done by hand washing (HW), the ratio of users who pre-wash their laundry by hand and the type of clothing and fabrics washed by hand are shown in Figure 5 . Around 31.4 percent of the respondents do their laundry by hand before using a machine ( Figure 5a ). Even though the differences among the three groups were not statistically significant χ 2 = 4.280, d f = 6, p = 0.639 , the multi group represented 18.6 percent, the PW-only group represented 14.3 percent, and the PSS-only group represented 13.0 percent. For the type of clothing and fabrics laundered by HW, 34.5 percent of respondents indicated that they wash their underwear themselves. As shown in Figure 5b , the ratio of respondents who wash socks, shoes, shirts, skirts, and pants by hand was 19.6 percent, 17.6 percent, 15.5 percent, and 8.8 percent, respectively. Although the differences among the groups were not statistically significant χ 2 = 8.074, d f = 12, p = 0.779 , respondents who belong to the PSS-only group and the multi group tend to extend the type of clothes for washing by hand to shirts, skirts, and pants, not only underwear and socks. The reasons why Thai respondents wash by hand before doing laundry were found from the in-depth interviews. During the interview, they frequently mentioned the quality of the finished laundry related to cleanliness and well-finished laundry, as shown in the Table A2 . They pre-wash by hand in order to ensure the quality of the laundry in addition to the use of washers in Bangkok. The percentage of CL and LS use in the multi group accounted for 25.2 percent and 14.0 percent, respectively, while PSS-only group showed 74.5 percent and 25.5 percent, respectively. Regarding the laundry done by hand washing (HW), the ratio of users who pre-wash their laundry by hand and the type of clothing and fabrics washed by hand are shown in Figure 5 . Around 31.4 percent of the respondents do their laundry by hand before using a machine ( Figure 5a ). Even though the differences among the three groups were not statistically significant 4.280, 6, 0.639 , the multi group represented 18.6 percent, the PW-only group represented 14.3 percent, and the PSS-only group represented 13.0 percent. For the type of clothing and fabrics laundered by HW, 34.5 percent of respondents indicated that they wash their underwear themselves. As shown in Figure 5b , the ratio of respondents who wash socks, shoes, shirts, skirts, and pants by hand was 19.6 percent, 17.6 percent, 15.5 percent, and 8.8 percent, respectively. Although the differences among the groups were not statistically significant 8.074, 12, 0.779 , respondents who belong to the PSS-only group and the multi group tend to extend the type of clothes for washing by hand to shirts, skirts, and pants, not only underwear and socks. The reasons why Thai respondents wash by hand before doing laundry were found from the in-depth interviews. During the interview, they frequently mentioned the quality of the finished laundry related to cleanliness and well-finished laundry, as shown in the Table A2 . They pre-wash by hand in order to ensure the quality of the laundry in addition to the use of washers in Bangkok. Figure 6 shows the responses drying clothing and fabrics. Approximately 89 percent of the respondents indicated that they usually dry their clothing and fabrics naturally whenever possible ( Figure 6a ). Among them, the ratio of drying outside and inside was 81.4 percent and 8.1 percent, respectively. On the contrary, only around 11 percent of respondents use a tumble-dryer to dry laundry. The differences among the proportion of drying methods by group was not statistically significant 4.545, 6, 0.603 . The percentage of drying using a tumble-dryer increased in proportion to the increasing the ratio of PSS use from PW-only to PSS-only; tumble-dryer use in each group was 7.0 percent, 12.3 percent, and 22.2 percent, respectively. Meanwhile, the ratio of Figure 6 shows the responses drying clothing and fabrics. Approximately 89 percent of the respondents indicated that they usually dry their clothing and fabrics naturally whenever possible ( Figure 6a ). Among them, the ratio of drying outside and inside was 81.4 percent and 8.1 percent, respectively. On the contrary, only around 11 percent of respondents use a tumble-dryer to dry laundry. The differences among the proportion of drying methods by group was not statistically significant χ 2 = 4.545, d f = 6, p = 0.603 . The percentage of drying using a tumble-dryer increased in proportion to the increasing the ratio of PSS use from PW-only to PSS-only; tumble-dryer use in each group was 7.0 percent, 12.3 percent, and 22.2 percent, respectively. Meanwhile, the ratio of respondents who feel it is necessary to use a tumble-dryer are shown in Figure 6b . The results revealed that the Sustainability 2019, 11, 4486 7 of 17 number of respondents who want to use a tumble-dryer generally increases as the frequency of PSS use increases with statistically significant differences χ 2 = 129.430, d f = 6, p = 0.000 . The percentage of respondents who feel the necessity of using a tumble-dryer when doing the laundry in each group was 40.3 percent, 47.8 percent, and 100 percent, respectively. respondents who feel it is necessary to use a tumble-dryer are shown in Figure 6b . The results revealed that the number of respondents who want to use a tumble-dryer generally increases as the frequency of PSS use increases with statistically significant differences 129.430, 6, 0.000 . The percentage of respondents who feel the necessity of using a tumble-dryer when doing the laundry in each group was 40.3 percent, 47.8 percent, and 100 percent, respectively. Responses on the reason for use of CL and SL are shown in Figure 7a ,b. Overall, the main reason for using CL and LS was "I do not have a washer" (70.4 percent from of the total respondents) and "I want my clothes to be ironed (to receive services)" (44.9 percent of the total), respectively. Examining the differences in the reasons for CL use, most respondents indicated that they do not have a washer as the reason for CL use, regardless of the group. There were no statistically significant differences between the groups 3.842, 3, 0.280 . Meanwhile, the differences in the reason for LS use showed statistical significance 21.662, 6, 0.001 . In terms of LS use, roughly 75 percent of the respondents in PSS only that owned a PW group (PSS-only w/ PW) indicated they want to receive services such as ironing, and this figure was 48.5 percent in the multi group. However, in the case of PSS only but not owning a PW group (PSS-only w/o PW), respondents who use "ironing" represented only 27.3 percent. Here, the reason that respondents who own a PW in the multi group and the PSS only w/PW group answered "I do not have a washer" while having PW might be that they are living in Bangkok without PW away from the home in which PW is installed (For details, refer to the result of in-depth interviews in Section 4.3). 
In-Depth Interview Survey Results 1: Laundry Habits
In terms of the number of wears before the clothing item is washed, respondents who generally wear their clothes only once accounted for 87.8 percent of the total, while the rest of total interviewees Responses on the reason for use of CL and SL are shown in Figure 7a ,b. Overall, the main reason for using CL and LS was "I do not have a washer" (70.4 percent from of the total respondents) and "I want my clothes to be ironed (to receive services)" (44.9 percent of the total), respectively. Examining the differences in the reasons for CL use, most respondents indicated that they do not have a washer as the reason for CL use, regardless of the group. There were no statistically significant differences between the groups χ 2 = 3.842, d f = 3, p = 0.280 . Meanwhile, the differences in the reason for LS use showed statistical significance χ 2 = 21.662, d f = 6, p = 0.001 . In terms of LS use, roughly 75 percent of the respondents in PSS only that owned a PW group (PSS-only w/ PW) indicated they want to receive services such as ironing, and this figure was 48.5 percent in the multi group. However, in the case of PSS only but not owning a PW group (PSS-only w/o PW), respondents who use "ironing" represented only 27.3 percent. Here, the reason that respondents who own a PW in the multi group and the PSS only w/PW group answered "I do not have a washer" while having PW might be that they are living in Bangkok without PW away from the home in which PW is installed (For details, refer to the result of in-depth interviews in Section 4.3). respondents who feel it is necessary to use a tumble-dryer are shown in Figure 6b . The results revealed that the number of respondents who want to use a tumble-dryer generally increases as the frequency of PSS use increases with statistically significant differences 129.430, 6, 0.000 . The percentage of respondents who feel the necessity of using a tumble-dryer when doing the laundry in each group was 40.3 percent, 47.8 percent, and 100 percent, respectively. Responses on the reason for use of CL and SL are shown in Figure 7a ,b. Overall, the main reason for using CL and LS was "I do not have a washer" (70.4 percent from of the total respondents) and "I want my clothes to be ironed (to receive services)" (44.9 percent of the total), respectively. Examining the differences in the reasons for CL use, most respondents indicated that they do not have a washer as the reason for CL use, regardless of the group. There were no statistically significant differences between the groups 3.842, 3, 0.280 . Meanwhile, the differences in the reason for LS use showed statistical significance 21.662, 6, 0.001 . In terms of LS use, roughly 75 percent of the respondents in PSS only that owned a PW group (PSS-only w/ PW) indicated they want to receive services such as ironing, and this figure was 48.5 percent in the multi group. However, in the case of PSS only but not owning a PW group (PSS-only w/o PW), respondents who use "ironing" represented only 27.3 percent. Here, the reason that respondents who own a PW in the multi group and the PSS only w/PW group answered "I do not have a washer" while having PW might be that they are living in Bangkok without PW away from the home in which PW is installed (For details, refer to the result of in-depth interviews in Section 4.3). 
In terms of the number of wears before the clothing item is washed, respondents who generally wear their clothes only once accounted for 87.8 percent of the total, while the rest of total interviewees 
In terms of the number of wears before the clothing item is washed, respondents who generally wear their clothes only once accounted for 87.8 percent of the total, while the rest of total interviewees indicated that they wear items more than twice. However, they indicated that it depends on the type of clothing. In the case of pajamas (27.7 percent), skirts, and pants including jeans (12.3 percent), formal clothes (4.6 percent), and sweaters and jackets (3.0 percent), they can be worn for a longer period of time. Meanwhile, sweaty clothes such as sportswear (3.1 percent) were a type of clothing that have to be changed in less than a day.
Over 90 percent of respondents were satisfied with drying their laundry naturally. However, 16 respondents indicated that they were not keen on the bad smell caused by drying laundry during the rainy seasons, regardless of whether they were satisfied about natural drying. Among the solutions suggested by the respondents, the most popular was "to use CL for drying laundry during rainy seasons" (37.5 percent), followed by "to take laundry back inside (31.3 percent), "to rewash" (18.8 percent), and "to rehang laundry until completely dry" (12.5 percent) . Some approximately 15 percent of all respondents indicated that damage to clothes such as discoloration and stiffness caused by the strong sunlight is another problem with natural drying.
In terms of the capacity of PW, of the 32 respondents who own a PW, 59.4 percent had a 10-12 kg washer and 28.1 percent owned a 6-9.5 kg washer. When they do the laundry using a PW, they generally use cold water without controlling the temperature of the water. In general, there is no option to use warm or heated water in the washers sold in Thailand. Water temperature related to laundry habits shows a similar trend to several Asian countries, such as China, South Korea, and Japan, which is completely different from laundry habits in E.U. countries and the U.S. [2, 9] . Figure 8 shows intended use and frequency of use for each method of laundry, PW, CL, LS, and HW. The results revealed that responses related to the actual situation of using these methods have strong differences compared to the responses from the questionnaire. However, there was no significant difference in the use rate between the results of the two surveys. According to the results of the in-depth interviews, use rates of PW, CL, LS, and HW were 71.0 percent, 53.6 percent, 34.8 percent, and 21.7 percent, respectively. Additionally, to clarify the role of each method, laundry patterns using PW, CL, and LS were organized based on the results of the in-depth interviews (Table A2 ), as shown in Table 2 . In the table, the rows show the actual methods and reasons for use. The columns show the intended use, which is divided into main usage and sub-usage, such as the type of laundry and amount of time required. A total of twenty types of use patterns were identified in the survey. Regardless of the laundry pattern, PW was used as a main method for washing all types of laundry, while CL and LS were used as an additional method to improve the quality of laundry, to reduce time and effort, or to provide an alternative method to PW. However, the role of each method varied with the different lifestyle situations of the respondents.
In-Depth Interview Survey Results 2: Assessing the Role of Product-Service System in Laundry Habits
Specifically, seventeen respondents used PW-only; they had no intention or necessity to use CL or LS. All these respondents indicated that PW is sufficient for their laundry. Also, a total of PWmainly users by eighteen respondents used PSS to satisfy particular needs that could not be met by PW. There were four reasons for using PSS: different preferences for laundry methods among family members, no experience or intention to use other methods, living nearby a new PSS shop that had With respect to the intended use, PW was used for all the type of clothing and fabric. As with PW, CL was also used for all types of laundry by 89.2 percent of the CL users, the remaining 10.8 percent used CL for washing large-size laundry. LS was used for many other purposes, washing formal clothes was the most frequent (50.0 percent of the total LS users), followed by large-size laundry with 16.7 percent. In the case of HW, 60.0 percent of the respondents indicated that they washed all the types of clothing and fabric by hand, and the remaining 40.0 percent indicated that they wash underwear and socks themselves. Even though more than half of these respondents replied that they do HW regardless of the type, all but one who did HW answered that they were actually using PW or PSS (Table A2) .
Moreover, the frequency of use, the ratio of respondents who "always" use, in each method of laundry, PW, CL, LS, and HW was 69.4 percent, 43.2 percent, 8.3 percent, and 100 percent, respectively. The ratio of users who "always" and "usually" do PW and CL was 71.4 percent and 72.9 percent, respectively. Meanwhile, in the case of respondents who use LS, the largest ratio of residents was users who indicated they use LS "often" (50 percent) followed by those use it "occasionally" (33.3 percent). This reveals that PW and CL are used routinely, while LS is used on special occasions.
Additionally, to clarify the role of each method, laundry patterns using PW, CL, and LS were organized based on the results of the in-depth interviews (Table A2 ), as shown in Table 2 . In the table, the rows show the actual methods and reasons for use. The columns show the intended use, which is divided into main usage and sub-usage, such as the type of laundry and amount of time required. A total of twenty types of use patterns were identified in the survey. Regardless of the laundry pattern, PW was used as a main method for washing all types of laundry, while CL and LS were used as an additional method to improve the quality of laundry, to reduce time and effort, or to provide an alternative method to PW. However, the role of each method varied with the different lifestyle situations of the respondents. (1) HW-only user 1 Always (1) 1 Busy time means times in which there is not enough time to do the laundry, such as during exams. 2 , , and indicates the use of PW, CL, and LS, respectively.
Discussion and Conclusions
The results indicated that laundry habits of Bangkok have the following characteristics. Even though the use of washers is becoming more common, some respondents still pre-wash their clothes by hand before using a washer to ensure the quality of the laundry, such as cleanliness. In terms of the capacity of PW, more than half of the respondents in the depth-interviews had over 10 kg load capacity washers. When using a washer for laundry, they generally use cold water, and there are, in general, no options to control the temperature of the water in the washers sold in Thailand. And most (87.8 percent) of the respondents generally dry their laundry naturally instead of using tumbledryers. During the rainy season, some respondents bring their laundry to CL and use tumble-dryers in order to dry quickly. The tendency of using tumble-dryers also changes depending on the usage of PSS. The respondents who use PSS feel the necessity of using tumble-dryer more than those who only use PW. Moreover, most of the respondents indicated that they generally wear their clothing only once before the laundry, except the items which can be worn for a longer period of time such as pajamas, skirts and pants, formal clothes, sweaters, and jackets. Busy time means times in which there is not enough time to do the laundry, such as during exams. 2 , , and indicates the use of PW, CL, and LS, respectively.
The results indicated that laundry habits of Bangkok have the following characteristics. Even though the use of washers is becoming more common, some respondents still pre-wash their clothes by hand before using a washer to ensure the quality of the laundry, such as cleanliness. In terms of the capacity of PW, more than half of the respondents in the depth-interviews had over 10 kg load capacity washers. When using a washer for laundry, they generally use cold water, and there are, in general, no options to control the temperature of the water in the washers sold in Thailand. And most (87.8 percent) of the respondents generally dry their laundry naturally instead of using tumbledryers. During the rainy season, some respondents bring their laundry to CL and use tumble-dryers in order to dry quickly. The tendency of using tumble-dryers also changes depending on the usage of PSS. The respondents who use PSS feel the necessity of using tumble-dryer more than those who only use PW. Moreover, most of the respondents indicated that they generally wear their clothing only once before the laundry, except the items which can be worn for a longer period of time such as pajamas, skirts and pants, formal clothes, sweaters, and jackets. (1) HW-only user 1 Always (1) 1 Busy time means times in which there is not enough time to do the laundry, such as during exams. 2 , , and indicates the use of PW, CL, and LS, respectively.
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Discussion and Conclusions
The results indicated that laundry habits of Bangkok have the though the use of washers is becoming more common, some respon by hand before using a washer to ensure the quality of the laundry the capacity of PW, more than half of the respondents in the depth capacity washers. When using a washer for laundry, they generally general, no options to control the temperature of the water in the wa lusions ed that laundry habits of Bangkok have the following characteristics. Even ers is becoming more common, some respondents still pre-wash their clothes washer to ensure the quality of the laundry, such as cleanliness. In terms of re than half of the respondents in the depth-interviews had over 10 kg load indicates the use of PW, CL, and LS, respectively.
Specifically, seventeen respondents used PW-only; they had no intention or necessity to use CL or LS. All these respondents indicated that PW is sufficient for their laundry. Also, a total of PW-mainly users by eighteen respondents used PSS to satisfy particular needs that could not be met by PW. There were four reasons for using PSS: different preferences for laundry methods among family members, no experience or intention to use other methods, living nearby a new PSS shop that had just opened, or convenience. Among them, the respondents who choose different methods between family members and who live nearby a new PSS shop used CL or LS in the same manner as PW. And the remaining two patterns of respondents used PSS to reduce the effort and time to wash laundry. For example, CL was used to dry laundry quickly or to wash large-size laundry easily, LS was used when additional services such as ironing formal clothes or washing and drying large loaded laundry was required. Twenty-four respondents who usually used CL or LS as an alternative to PW in order to live in dormitories or other residences away from home for study or work was the most widely observed pattern. This use pattern was seen among the respondents that used PSS-mainly and PSS-only. They had no choice but to use PSS to adapt to a new life without PW. Among them, PSS-mainly users by fourteen respondents used PW when they return to their hometown, but they do not feel the need to use PSS while they are using PW. They tended to use LS when they did not have enough time to do laundry. In addition, HW was used for saving money while living in Bangkok or for the cleanliness. The rest of PSS-only users by eight respondents used CL or LS for two reasons: living in a house with no space to install PW, and no intention to use PW or other methods because of living alone. A total of two respondents answered that they do laundry mainly or only by HW because they prefer cleanliness. One of those two respondents used LS only for washing and drying large-size items.
The results indicated that laundry habits of Bangkok have the following characteristics. Even though the use of washers is becoming more common, some respondents still pre-wash their clothes by hand before using a washer to ensure the quality of the laundry, such as cleanliness. In terms of the capacity of PW, more than half of the respondents in the depth-interviews had over 10 kg load capacity washers. When using a washer for laundry, they generally use cold water, and there are, in general, no options to control the temperature of the water in the washers sold in Thailand. And most (87.8 percent) of the respondents generally dry their laundry naturally instead of using tumble-dryers. During the rainy season, some respondents bring their laundry to CL and use tumble-dryers in order to dry quickly. The tendency of using tumble-dryers also changes depending on the usage of PSS. The respondents who use PSS feel the necessity of using tumble-dryer more than those who only use PW. Moreover, most of the respondents indicated that they generally wear their clothing only once before the laundry, except the items which can be worn for a longer period of time such as pajamas, skirts and pants, formal clothes, sweaters, and jackets.
Among the various laundry options, PW is the most commonly used to do laundry, and CL and LS are used as an additional option. In the case of PSS usage, there was a slight difference in the motivation for usage between CL and LS. The groups who were in PSS-only and multi groups commonly used CL because they did not have a PW, that is, CL was used to overcome the physical limitation of space, while LS was used for additional services, such as ironing. Considering the intended use and the timing, 20 types of use patterns were identified from the survey. The most widely observed use pattern in Bangkok was the use of CL as an alternative to PW instead of buying a new machine for a new life in dormitories or other residences away from home. At that time, HW was also used for saving money while living in Bangkok, or for the cleanliness. Meanwhile, many respondents use PSS effectively for saving time and effort as well as increasing the quality of laundry, which resembles the use pattern of Japanese consumers [17] .
These details related to the typical characteristics of laundry habits in Bangkok are very useful to estimate and define the parameter for quantifying environmental impact factors: the general process for laundry, load capacity of washer, water temperature for laundry, the use of tumble-dryer, and the amount of clothing. Considering the environmental potential, the relationship between the PSS users and laundry habits was qualitatively analyzed. The group who uses PSS frequently tended to do laundry less often than those who only use PW. Frequent PSS users adopted the use of tumble-dryers more often, and the need to use was high compared to others who do not use PSS. The need for even more services is also expected to increase among the PSS users. When these aspects are considered, the use of PSS could help to reduce the annual frequency of laundry at present. On the other hand, there is a high possibility that the use of PSS can increase the energy consumption and environmental loads because of the increase of the demands for additional services.
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Laundry services HW
Hand washing
PW-only
The group that uses private washing machines (PW) only
Multi
The group that uses both of private washing machines (PW) and Product-Service system (PSS)
PSS-only
The group that uses product-service system (PSS) only
PW+CL
The group that uses both private washing machines (PW) and coin-operated self-service laundromats (CL)
PW+LS
The group that uses both private washing machines (PW) and laundry services (LS)
PW+CL+LS
The group that uses private washing machines (PW) together with coin-operated self-service laundromats (CL) and laundry services (LS)
CL+LS
The group that uses both coin-operated self-service laundromats (CL) and laundry services (LS) Total  pros  3  1  2  2  2  0  0  0  3  2  4  4  4  1  2  0  2  1  4  5  3  0  1  3  cons  0  0  0  0  0  0  0  0  1  5  1  2  2  1  0  0  0  0  2  3  3  1  5  2 1 Group was divided based on the answers from the questionnaire. 2 The row in each group is divided into 2 rows: Upper row = "the advantages (pros, )", lower rows = "the disadvantages (cons, •)" of each method. 3 Multiple answers were permitted. 4 Q. is the abbreviation for quality.
CL-only
